Planar 131 I scintigraphy is routinely used to detect radioiodineavid metastases of differentiated thyroid carcinoma (DTC). However, the modality has limitations, such as low sensitivity and lack of anatomic landmarks. We investigated whether SPECT with integrated low-dose CT may have additional value over planar imaging in detecting residue and metastases in DTC patients. Methods: We studied 117 consecutive thyroidectomized DTC patients. On 2 different hybrid dual-head g-cameras (55 patients on one camera and 62 on the other), 108 patients underwent 131 I diagnostic imaging and SPECT/ CT, and 9 underwent posttherapeutic 131 I planar imaging and SPECT/CT. We assigned an incremental value to SPECT/CT when it provided better identification and interpretation of the foci of radioiodine uptake, more correct anatomic localization and characterization, and precise differentiation between tumor lesions and physiologic uptake. Results: Planar imaging showed 116 foci of uptake in 52 of 117 patients, and SPECT/CT showed 158 foci in 59 of 117 patients, confirming all foci seen on planar imaging but identifying an additional 28 occult foci in 10 of 52 patients. Fourteen occult foci were shown on SPECT/CT in 7 further patients whose planar imaging findings were negative. SPECT/ CT correctly characterized 48 foci unclear on planar imaging, also defining location and extent. SPECT/CT was a determinant in classifying as neoplastic those foci for which planar imaging seemed to exclude malignancy, discriminating between residue and lymph node metastases in the neck, some of which were adjacent to salivary glands and had been missed on planar imaging. SPECT/CT also showed occult lesions in the mediastinum, abdomen, and pelvis and identified small bone metastases unsuspected on planar imaging. Globally, SPECT/CT had an incremental value over planar imaging in 67.8% of patients, modified therapeutic management in 35.6% of positive cases, and avoided unnecessary treatment in 20.3% of patients with only single benign lesions or physiologic uptake. Conclusion: 131 I SPECT/CT improved planar data interpretation, showing a higher number of DTC lesions, more precisely localizing and characterizing DTC foci, and more correctly differentiating between physiologic uptake and metastases, thus permitting the most appropriate therapeutic approach to be chosen. A wider use of this method is suggested complementary to planar imaging in selected DTC patients. Convent ional planar 131 I whole-body scintigraphy, in association with serum thyroglobulin measurement, is still considered the routine diagnostic procedure in patients with well-differentiated thyroid carcinoma (DTC). This modality is used in the detection of both thyroid tissue residue and local and distant metastases, after thyroidectomy for staging and after radioiodine ablation for restaging and long-term follow-up (1). A sensitivity of 45%275% and a specificity of 90%2100% have been reported in the literature for diagnostic planar 131 I whole-body imaging in detecting recurrences or metastases from DTC (2-9).
association with serum thyroglobulin measurement, is still considered the routine diagnostic procedure in patients with well-differentiated thyroid carcinoma (DTC). This modality is used in the detection of both thyroid tissue residue and local and distant metastases, after thyroidectomy for staging and after radioiodine ablation for restaging and long-term follow-up (1) . A sensitivity of 45%275% and a specificity of 90%2100% have been reported in the literature for diagnostic planar 131 I whole-body imaging in detecting recurrences or metastases from DTC (2-9).
Some factors can limit the performance of this procedure. The limited resolution of the general-purpose g-camera when used for planar acquisitions, together with background activity in iodine images, can give false-negative results for small lesions, whereas the presence of numerous areas of physiologic uptake not always easily differentiable from pathologic uptake can give false-positive results (6, (10) (11) (12) . Planar imaging, not giving landmarks for the pathologic focal uptake or therefore their exact anatomic site, can sometimes fail to indicate the correct disease classification and therapeutic management. False-negative results can occur on 131 I whole-body imaging in poorly differentiated carcinoma, which shows a reduced or absent uptake capability but high thyroglobulin secretion. In such DTC carcinomas, besides conventional imaging methods such as ultrasound, CT, and MRI, other radioisotopic procedures have been useful, such as scintigraphy with the cationic lipophilic radiotracers 99m Tctetrofosmin and 99m Tc-sestamibi (13) (14) (15) (16) (17) and 18 F-FDG PET (9, 17, 18) and 18 F-PET/CT (19) (20) (21) (22) , with 18 F-FDG taken up mainly by highly aggressive carcinomas.
SPECT has been proposed as a way to overcome the limitations of planar 131 I whole-body imaging in iodineavid metastases. Although SPECT has higher sensitivity and better contrast resolution than planar acquisitions and can obtain cross-sectional scintigraphic images, the anatomic evaluation of lesion sites remains difficult.
The performance of SPECT may be further improved by fusing SPECT and CT images (23) , either by using external or internal markers to coregister the 2 examinations performed in 2 different sessions (24, 25) or, more recently, by using integrated SPECT/CT systems (26) (27) (28) (29) (30) that permit simultaneous anatomic mapping and functional imaging. Both methods have the potential to determine the exact anatomic site of uptake, correctly characterizing those unclear on planar imaging and thus limiting false-positive results, in particular when using integrated methods in which the patient maintains the same position on the table during the entire examination. These methods can give information on the extent of the disease in addition to that provided by SPECT and CT separately.
In this study, we further investigated whether SPECT with low-dose CT may have additional value over conventional planar 131 I whole-body imaging in detecting and characterizing thyroid tissue residue and local and distant metastases in thyroidectomized DTC patients and whether its contribution may modify the therapeutic strategy.
MATERIALS AND METHODS

Patients
One hundred seventeen consecutive patients, 28 men and 89 women aged 21-81 y who previously underwent total thyroidectomy for DTC (109 papillary, 7 follicular, 1 Hürthle cell), were prospectively studied. Of these patients, 108 underwent diagnostic 131 I whole-body imaging (48-72 h after an orally administered dose of 185 MBq). In 9 of the 108, the imaging was performed about 40 d after thyroidectomy and before radioiodine therapy, while the patients were hypothyroidal. In 99 of the 108, the imaging was performed during long-term follow-up because of residue or suspected metastases after radioiodine ablation (1 dose in 82 patients, 2 doses in 12 patients, and .2 doses in 5 patients). Twenty-one of these 99 patients were hypothyroidal after 4-6 wk of withdrawal from L-thyroxin, and 78 had received an increment of exogenous thyroid-stimulating hormone (TSH) after recombinant human TSH (rh-TSH) stimulation (0.9 mg intramuscularly for 2 subsequent days, with euthyroidism maintained). The remaining 9 of 117 patients underwent posttherapeutic 131 I whole-body imaging 5-7 d after oral radioiodine administration (3,700 MBq), with 6 being hypothyroidal after L-thyroxin discontinuance and 3 having undergone rhTSH stimulation.
Before scintigraphy, all patients underwent laboratory tests, such as the measurement of urinary iodine excretion (ioduria) and the assay of TSH, thyroglobulin, and antithyroglobulin antibodies, while hypothyroidal or after rh-TSH stimulation.
At scintigraphy, the TSH levels were always more than 50 mU/ mL and those of ioduria less than 300 mg/L. The cutoff level of thyroglobulin was 0.2 ng/mL.
Exclusion criteria included patients with non-radioiodine-avid neoplastic lesions but with high thyroglobulin levels as shown on 99m Tc-tetrofosmin SPECT or 18 F-FDG PET and conventional imaging.
The protocol was in accordance with the Helsinki Doctrine on Human Experimentation, and the patients gave written informed consent before scintigraphy.
Scintigraphy Protocol
Planar 131 I whole-body imaging was performed in both anterior and posterior projections using 2 variable-angle dual-head g-cameras, the Millennium VG Hawkeye (GE Healthcare) in 55 patients and the more recent Infinia Hawkeye 4 (GE Healthcare) in 62 patients. High-energy, parallel-hole collimators were used, at a table speed of 10 cm/min for a total time of 30 min (1,024 · 256 matrix). The imaging was completed with a spot view of selected body areas in anterior, posterior, and lateral projections (600 s/ view).
These g-cameras are also part of hybrid systems equipped with an integrated x-ray transmission system (low-dose CT) to provide anatomic maps for attenuation correction and image fusion. In both devices, the CT apparatus has a fixed-anode oil-cooled x-ray tube installed on the slip-ring gantry of the g-camera and operates at 140 keV and up to 2.5 mA.
On these 2 hybrid systems, SPECT/CT was performed during the same session as planar whole-body imaging over the neck and chest with the patient in the same position, including the patient's arms. SPECT/CT was also focused on other suspected areas of increased uptake as seen on planar 131 I whole-body images. To minimize patient movement during acquisitions, in particular of the neck, we used special vacuum cushions to stabilize the position.
First, emission SPECT images were acquired over 360°(180°p er head) at the 364-keV photopeak and 610% energy window, with the patient supine. A 128 · 128 matrix was used, with a 3°a ngular step, an acquisition time of 30 s per frame (30 min in total), and a zoom factor ranging from 1 to 1.2 according to the individual patient. The body contouring system was used to minimize the distance between the patient and the collimator.
The SPECT examination was followed by CT. In both devices, the x-ray tube and detector array rotate together in a fixed geometry, at 2.6 rpm for an H-mode scan with the Millennium VG Hawkeye and at 2.0 rpm for a 90°L-mode scan with the Infinia Hawkeye 4. Multiple CT slices were obtained, in the transaxial mode when using the Millennium VG Hawkeye (a 10-mm-thick slice in 13.8 s, requiring 0.6 rotations and reconstructed online to a 256 · 256 image matrix) and in the helical mode when using the Infinia Hawkeye 4 (four 5-mm-thick slices obtained simultaneously with a beam coverage of 2 cm in each gantry rotation and reconstructed online to a 512 · 512 image matrix). CT scans were acquired within 10-12 min with the former device and within 4.5 min with the latter.
Cross-sectional attenuation images (128 · 128 image matrix) in which each pixel represents the attenuation of the imaged tissue were generated in all cases.
SPECT images were reconstructed with the iterative method and fused with CT images using a dedicated software package (Xeleris workstation; GE Healthcare).
Data Analysis
All images obtained by both planar acquisition and SPECT/CT were analyzed separately by 2 experienced nuclear medicine physicians who were unaware of the clinical findings, of any other diagnostic imaging data, and of the definitive histopathologic diagnosis. Tumor uptake of 131 I was defined as any focal or diffuse uptake that was higher than the surrounding background and incompatible with physiologic activity. Foci of uptake in the salivary glands, urinary collecting system, and gastrointestinal tract were considered physiologic except for some small focal, circumscribed areas that could not be clearly distinguished and were considered suggestive of lesions on planar imaging.
Planar data were considered unclear when it was not easy to ascertain the anatomic site or to characterize the foci of uptake. An incremental value with respect to planar 131 I whole-body imaging was assigned to the SPECT/CT fusion images when they provided better identification and interpretation of the uptake foci, more correct anatomic localization and characterization, and precise differentiation between tumor lesions and physiologic uptake when not obtained from the planar images.
Interobserver variability was extremely low; disagreement was observed in only 3 cases in the analysis of SPECT/CT images and was resolved by consensus.
The gold standard for confirming the absence or presence of malignancy suspected on planar imaging and SPECT/CT was surgery with definitive histopathologic findings, clinical examination with changes in thyroglobulin levels, or radiologic follow-up for at least 6 mo. In patients with positive planar and SPECT/CT findings who underwent radioiodine therapy, posttherapeutic scan findings were also considered.
The neck was also studied by ultrasound in all patients and by pinhole SPECT with the cationic lipophilic 99m Tc-tetrofosmin in 7 patients with detectable thyroglobulin serum levels and discordant findings on 131 I scintigraphy and ultrasound. Diagnostic CT was performed on 7 patients to better clarify radioiodine foci in the thorax or abdominal cavity, and bone scanning was performed on 2 patients in whom bone metastases were suspected.
RESULTS
Planar 131 I imaging showed 116 foci of uptake in 52 of 117 patients: in 36 patients, the foci (60 foci) were identified only in the neck; in 4 patients, both in the neck (7 foci) and outside the neck (17 foci); and in the remaining 12 patients, only outside the neck (32 foci). SPECT/CT showed 158 foci in 59 of 117 patients, confirming all 116 foci seen on planar imaging in 52 of the patients but also identifying in 10 of these patients 28 occult foci (8 in the neck and 20 outside the neck). In 7 of 117 patients, SPECT/ CT found 14 additional foci (6 in the neck and 8 outside the neck) that had been occult on planar imaging.
In the neck, planar imaging and SPECT/CT showed 67 and 81 foci, respectively.
Fifty of 67 foci detected on planar imaging in 40 patients were classified as residue in the thyroid bed (33 foci) or in the thyroglossal tract (17 foci), and 17 were considered unclear. SPECT/CT showed all 67 foci, confirming 45 of 50 of these as residue, but changed the classification of the remaining 5 of 50 foci in 5 patients (thyroglobulin levels, 1.9-4.3 ng/mL) from residue to metastatic locoregional lymph nodes, 2 of which were ultrasound-negative but 99m Tc-tetrofosmin pinhole SPECT-positive and all of which were diagnosed at surgery. SPECT/CT well characterized the 17 unclear foci in 14 of the 40 patients, correctly classifying them as 8 cases of residue in the thyroid bed in 6 patients; 2 cases of locoregional metastatic lymph nodes found at surgery, which were the only lesions in 2 patients (thyroglobulin levels, 4.2 and 4.5 ng/mL, respectively; both cases were negative on ultrasound but 1 was positive on 99m Tc-tetrofosmin pinhole SPECT); 2 bone metastases in 1 patient (Fig. 1) ; and 5 circumscribed areas of physiologic uptake, which were the only foci in 5 patients with undetectable or borderline thyroglobulin. SPECT/CT identified a further 14 lesions occult on planar imaging: 9 cases of locoregional metastatic lymph nodes and 5 cases of residue in 11 patients. Five of these 11 patients showed negative findings on planar imaging but 6 foci on SPECT/ CT: 2 cases of residue, negative on ultrasound, in 2 patients (thyroglobulin levels, 0.2 and 1.9 ng/mL, respectively) and 4 cases of metastatic lymph nodes, 2 of which were closely adjacent to a salivary gland, in the other 3 patients (thyroglobulin levels, 5.9-13.5 ng/mL). Three of 4 lymph nodes were also positive on ultrasound, and the remaining lymph node was positive on 99m Tc-tetrofosmin pinhole SPECT; all were confirmed at surgery. In the remaining 6 of 11 patients, SPECT/CT detected 8 further occult foci besides confirming 11 other foci classified as residue on planar imaging. Three of the 8 foci were residue, 1 of which was negative on ultrasound, and 5 of 8 were metastatic lymph nodes; all were confirmed at histology. Two of the lymph nodes (in 2 patients, with thyroglobulin levels of 0.4-5.6 ng/mL, respectively) were negative or aspecific for malignancy on ultrasound but positive on 99m Tc-tetrofosmin pinhole SPECT. Four lymph nodes were in the laterocervical region, and 1 was adjacent to a salivary gland (Fig. 2) .
Outside the neck, planar imaging showed 49 foci in 16 patients and SPECT/CT showed 77 foci in 18 patients.
Both planar imaging and SPECT/CT detected 1 focus in the head/skull, but only SPECT/CT clarified that the focus was an area of physiologic uptake in the rhinopharynx.
In the thorax, SPECT/CT showed all 13 foci classified as pulmonary metastases on planar imaging in 7 patients, all with high thyroglobulin levels. However, although confirming the classification of 9 of 13 foci, SPECT/CT changed the diagnosis of the remaining 4 foci from pulmonary metastases to mediastinal lymph node metastases (in 2 foci) and from pulmonary metastases to thorax wall metastases with extension to bone (in the remaining 2) (Fig. 3) . The latter 2 were also confirmed on diagnostic CT, and the radioiodine dose was more accurately defined. SPECT/CT also characterized 15 foci (in 10 patients) that had been unclear on planar imaging: Three of the 15 (in 1 patient) were metastatic lesions, 1 in the mediastinum and 2 in the ribs, with the latter 2 confirmed on bone scanning. Two of the 15 (in another patient, who was recovering from bronchitis) were benign bronchial mucous secretion (Fig.  4) . Ten of the 15 (in the remaining 8 patients) were circumscribed areas of physiologic uptake, 6 of which represented the only foci. Seventeen further foci (in 5 patients) seen on SPECT/CT corresponded to malignant lesions occult on planar imaging (11 pulmonary metastases, 4 mediastinal lymph node metastases, and 2 rib metastases), and only 8 of these 17 were identified on diagnostic CT. Four of 5 patients (thyroglobulin levels, 184-3,500 ng/mL) also had other lesions positive on both planar imaging and SPECT/CT, whereas the remaining 1 patient (thyroglobulin level, 3.6 ng/ mL), with 1 pulmonary and 2 mediastinal metastases, had negative findings on planar imaging. SPECT/CT image fusion (C) in coronal, sagittal, and transverse slices confirmed residue (arrow) seen on planar imaging but also showed 1 radioiodine-avid lymph node metastasis (arrow, D) in right submandibular region closely adjacent to salivary gland. Ultrasound was considered aspecific for malignancy, and thyroglobulin serum level under hypothyroidal conditions after L-thyroxin withdrawal was 0.4 ng/mL. Diagnosis was definitively confirmed at surgery, which was performed on the basis of SPECT/CT, revealing papillary thyroid carcinoma lymph node metastasis. In the abdomen or pelvis, SPECT/CT showed 31 foci. Concordantly with planar imaging, SPECT/CT correctly classified 1 focus in 1 patient to be skin contamination, and SPECT/CT confirmed that 4 sites of uptake (in 1 patient) on planar imaging were soft-tissue pelvic metastases. However, SPECT/CT also showed that these 4 metastases extended to bone, as confirmed on diagnostic CT, thus better defining the therapeutic radioiodine dose. SPECT/CT well characterized 15 foci that had been unclear on planar imaging, classifying 13 (in 3 patients) as malignant and the remaining 2 (in 2 other patients) as circumscribed areas of physiologic uptake, 1 of which was the only focus in the patient. SPECT/CT found 11 neoplastic lesions that had been occult on planar imaging in 3 patients, 2 of whom had a thyroglobulin level of less than 2,000 ng/mL and 1 of which had a thyroglobulin level of 3.5 ng/mL. The latter patient, whose findings on planar imaging had been negative, had 5 small metastases in the lumbar spine. Only 2 of these had also been detected on bone scanning, and only 1 had been detected on CT.
Globally, planar imaging and SPECT/CT findings were concordantly negative in 49.6% of patients (Table 1) , who were considered disease-free as confirmed by undetectable thyroglobulin levels and negative findings on conventional imaging. Findings were concordantly positive in 44.4% of patients, with SPECT/CT detecting more foci in 8.5% of patients. Findings were discordant in 6% of patients, in whom only SPECT/CT showed metastases.
SPECT/CT did not add further information with respect to planar imaging in 19 of the 59 patients with positive findings (32.2%). SPECT/CT did, however, have incremental value, detecting occult lesions or defining the exact anatomic site, characterizing residue and malignant foci, or differentiating physiologic uptake from metastases unassessed by planar imaging in 40 of 59 patients (67.8%). SPECT/CT led to modified therapeutic management in 21 of these 40 patients (52.5%), corresponding to 35.6% (21/ 59) of the positive cases globally considered. In these 21 patients, SPECT/CT led to a more correct selection of surgery or radiometabolic therapy, even permitting for the latter a more appropriate therapeutic radioiodine dose in 6 patients.
Finally, SPECT/CT clarified the origin of benign lesions or areas of physiologic uptake in 20 of the foci that had been unclear on planar imaging in 16 of 59 patients, thus reducing the false-positive results. SPECT/CT even permitted the avoidance of unnecessary treatment in 12 of these 16 patients, 12 of whom (20.3%) had only 1 focus.
DISCUSSION
Together with thyroglobulin serum level assay and conventional radiologic procedures, 131 I scintigraphy is commonly accepted as a basic component of the diagnostic strategy in patients thyroidectomized for DTC. However, often neither planar nor SPECT acquisitions are able to correctly determine the site of the lesions for better characterization or to differentiate pathologic from physiologic uptake.
The recent application of new technology that combines functional and anatomic SPECT/CT images has improved the ability of planar 131 I imaging to detect iodine-avid foci (24-31). 
chest imaging in both anterior (A) and posterior (B) views showed 2 foci of marked radioiodine uptake in right and left ileal regions (arrows), which were considered suspect for metastases although thyroglobulin level was less than 0.2 ng/mL. Only SPECT/CT image fusion (C) in coronal, sagittal left and right, and transverse slices determined that these foci involved proximal bronchial tree bilaterally (arrows), as was also confirmed on diagnostic CT. At history taking, patient referred to recent acute bronchitis, from which patient was then recovering; thus, uptake was probably due to mucous excretion in inflammatory exudate in bronchial tree. During 12 mo of follow-up, thyroglobulin serum levels remained undetectable, with absence of clinical signs of disease, excluding metastases. Placement of external markers at specific positions on the patient's body to coregister SPECT and diagnostic multislice spiral CT scans acquired in 2 different sessions has been reported to improve the diagnosis of lesions in 88% of DTC patients, with respect to SPECT alone and CT alone (25) . However, some artifacts can occur with this method because of an unavoidable, although minimal, difference in positioning between the SPECT session and the CT session. Another technical problem is that the external markers are manually defined.
By acquiring SPECT and CT images on a hybrid Millennium VG Hawkeye scanner in the same session and with the patient in the same position immediately after posttherapeutic planar 131 I whole-body imaging, some authors have partially solved positioning problems, reducing registration artifacts due to physiologic uptake and improving anatomic assignment. With this method, foci of uptake have been identified in 44% of patients, and important information for clinical interpretation has been obtained for 38% of all foci (27) . Using the same type of hybrid system, other authors (28) have found fusion images to have additional value over planar imaging in 57% of DTC patients, changing the therapeutic strategy in 41% of patients who underwent a diagnostic study.
In the present study, we used, like these authors (27, 28) , the Millennium VG Hawkeye, or we used the more recent Infinia Hawkeye 4, and we found more foci with these systems than with planar imaging. In 67.8% of patients, we obtained more precise anatomic localization in different regions, such as the neck, thorax, abdomen/pelvis, and skeleton; improved image interpretation; and more correctly differentiated malignant lesions from sites of physiologic uptake, such as the salivary glands, esophagus, gastrointestinal tract, and liver. In 35.6% of patients with positive findings, we were led to a more appropriate decision about therapeutic management. All lesions determined to be a presumptive tumor on SPECT/CT were confirmed to be malignant.
The information provided by SPECT/CT was relevant in 17 of our patients in whom the procedure identified occult lesions missed on planar imaging. In some cases, the disease could be reclassified, the most correct prognosis determined, and the most appropriate therapeutic strategy selected. SPECT/CT was particularly relevant in those patients in whom the occult foci in the neck were the only ones found. The procedure was also able to differentiate between residue in the thyroid bed and well-localized cervical lymph node metastases, permitting the choice of radioiodine therapy for the former and surgery for the latter. In addition, the extent of the surgery could be optimized and the diagnosis definitively confirmed. In studies of the neck, SPECT/CT characterized as neoplastic the foci for which planar findings, although positive, seemed to exclude malignancy. SPECT/ CT also revealed lymph node metastases adjacent to salivary glands. All of these metastases were missed on planar imaging because of interference from high physiologic uptake of radioiodine in the salivary glands.
The addition of SPECT/CT offered important advantages by also showing lymph node metastases in the mediastinum and in the abdomen or pelvis, especially when these were the only lesions, and by identifying unsuspected neoplastic lesions in bone (even small bones) that had not been shown or characterized on planar imaging. SPECT/CT also revealed bone invasion from thorax wall metastases and from softtissue metastases in the abdomen or pelvis, thus demonstrating an increasingly worse disease prognosis and indicating a need to increase the therapeutic dose of radioiodine over that which had been initially proposed after planar imaging alone.
The capability of SPECT/CT to define the anatomic sites of foci justifies the additional use of low-dose CT not only when planar 131 I whole-body imaging misses foci but also when it detects foci but finds them to be nonneoplastic; SPECT/CT can show malignancy in these cases. In the present study, SPECT/CT was also a determinant in patients whose planar imaging findings were unclear. In these patients, fusion images could show that radioiodine uptake was due to neoplastic lesions in some cases but to nonneoplastic lesions (benign disease or physiologic uptake) in other cases, correctly characterizing 48 unclear foci. Thus, SPECT/CT reduced false-positive findings on planar imaging, improving specificity. These data became even more important when the benign lesion or physiologic uptake identified on SPECT/CT was single and represented the only area of uptake, since unnecessary treatment could be avoided. In the present study, because thyroglobulin levels were also low or borderline, this physiologic uptake could have been suspected and tumors excluded in many cases. However, SPECT/CT may still be considered a determinant of the diagnosis, because most thyroid tissue residue in the neck was associated with similarly low thyroglobulin levels and was often negative on ultrasound.
Although most cases true-positive for metastases on SPECT/CT corresponded to high thyroglobulin serum levels, in some patients the procedure showed metastases when thyroglobulin levels were only slightly elevated or borderline. Not only in SPECT/CT true-positive patients were some lesions negative on ultrasound, CT, and bone scanning.
SPECT/CT rendered superfluous further imaging procedures in 2 patients, correctly identifying a case of thymic hyperplasia and a case of acute bronchitis in recovery. In the latter, the marked bilateral uptake in the bronchial tree seen on planar imaging and suspected (despite undetectable thyroglobulin levels) to represent pulmonary metastases was probably due to iodine excretion in the inflammatory exudate, as also reported by other authors who had a patient with bronchiectasis (32) .
Both SPECT and low-dose CT were performed in the present study with the patient positioned identically using special cushions, markedly reducing positioning artifacts. Except for the few cases that were completely negative on planar imaging, the foci in the different regions were defined on planar imaging and not on SPECT/CT to avoid attenuation correction artifacts that may occur with the latter.
